Land-use and land-cover change in both forest reserves and off-reserves is a critical issue in sub Saharan Africa. Deforestation and conversion of forest land to agricultural land continue to be one of the major environmental problems in Africa, and for that matter, Ghana cannot be exceptional; and its resultant effect is the loss in the ecological integrity and the quality of forests, resulting in carbon loss and the resultant climate change effects (FAO 2016). The study area covers the Community Resource Management Areas (CREMA) of the Mole National Park in Ghana, and this study reveals that the area is well endowed with a diverse composition and structure of woodland including dense, open and riverine stretches, which -under the national definition of forest -qualifies as forest. The results reveal that there had been an annual deforestation rate of 0.11% over the period of review. It was concluded from the study that woodland had high carbon stocks with an average carbon of 80 tC/ha, the highest being 194 tC/ha and the lowest being 7 tC/ha, which was recorded in the dense woodland and grassland respectively. The fluxes within the land sector in the study area are moderate and the potential of the area to qualify for as REDD+ is very high. However, the drivers of deforestation, especially bush fires and illegal timber harvesting, are challenges that need to be addressed.
IntroductIon
Savannah woodland is estimated to cover approximately two thirds of Ghana's land area and contains 20% of the nation's population (GSS 2013) . About 70% of Ghana's total supply of firewood and charcoal, estimated at 16 million m 3 , comes from savannah zones (FPP-PASCO- FC Report 2013) .
Ghana is endowed with abundant natural resources that have played an important role in national development. As a result of unsustainable exploitation, damage has been caused to productive forest and savannah lands (Antwi et. al. 2017; Ayuk and Oku 2017) . The burgeoning population is presently exerting immense pressure on natural resources. The ecological dynamics has also not been spared due to rapid loss of biological diver-sity, wildlife populations and adverse effects of climate change (Asante 2014) . These anthropogenic effects on the resources is likely to persist considering the expected increase in the demand for land based products driven by human population growth, diet change and consumption of energy (Haberl et al. 2014; Rockstrom et al. 2009 ).
According to a study conducted by the Forestry Commission of Ghana (FC) under the Forest Preservation Programme (FPP), deforestation and conversion of forest land to agricultural lands continue to be one of the major environmental problems in Ghana. It is considered as a major threat to both on and off forest reserve resources. In the off-reserve areas, it is attributed to the conversion of forest into agricultural use, wildfires, and over-exploitation of timber, wood fuel production and establishment of new settlements or expansion of existing ones among others. The effects of these activities are the loss in the ecological integrity and quality of the forest resulting in carbon loss and the resultant climate change effects (Forestry Commission of Ghana 2014).
Land-cover changes have significantly impacted forest carbon stocks, which has been recognized worldwide as contributing to CO 2 emissions into the atmosphere resulting in global warming (Innes 2016) . Land-use and land-cover change are responsible for a third of the global anthropogenic Greenhouse Gas (GHG) emissions over the last 150 years (Houghton 2005) . On-going deforestation and forest degradation is the major source of current GHG emissions in many tropical developing countries (Van Der Werf et al. 2009 ).
The Forestry Commission in 2012 under the Forest Preservation Program (FPP) developed land use maps and land use change for a twenty-year period . The project further estimated the carbon content of the various vegetation zones in Ghana with much concentration in the High Forest Zones (HFZ) of the country, as little was done on the savannah woodlands. Consequently, the modelling of the carbon content for the country was based on a pilot area that did not include much of the savannah woodlands. In addition to this, almost all forest inventory projects in the past were concentrated in the high forest zone of Ghana with the exception of the Northern Savannah Biodiversity Project, which established some information on the savannah woodlands. However, information on the rates of deforestation, forest degradation and forest conversion in the savannah woodland as well as carbon stocks level is insufficient and has serious implication for sustainable management of woodlands forests.
Aims and objectives
The main aim of this study is to appraise land use and baseline studies of the natural woodland in terms of its spatial coverage and trend of use, and its ability to withstand the incessant cutting in the northern parts of Ghana.
The Objective: -What are the various land-use and land-cover categories in the study area? -What are the trajectories of the land-use change conversions and the drivers pushing that change within the area? -To determine the carbon content within the area.
MAterIAls And Methods

Study Area
Study area ( Fig. 1 ) falls within the Guinea savannah ecological zone of Ghana and covers approximately 122,240 ha. The dominant vegetation type is open woodland within grass trees mosaic. It lies between latitudes 9°10' N and 9°45' N and longitudes 1°10' and 1°50'W, and stretches from West Gonja to North Gonja Districts of northern Ghana. The study area covers most of the Community Resource Management Areas -CREMAs (authorised communities to manage their natural resources for economic and livelihood benefits), and shares boundaries with the Mole National Park to the west. This CREMA includes Murugu, Kumbo Mognori, Kpulumbu, Bawena Wawato and Grubagu.
The annual rainfall is unevenly distributed and limited to six months (May-October). The mean annual rainfall ranges between 1000 mm and 1500 mm with its peak in July and September. Its average minimum temperature is about 24°C and average maximum temperature is about 40°C. The dry season is characterized with the dry harmattan wind that starts in December and ends in March. This period is char-acterized by the annual bush burning either man-induced or natural phenomenon, which have hard devastating consequences on the vegetation, human lives and property.
Materials and data
Materials that were used in this study include: -Satellite Imagery: The following satellite imageries were downloaded from the USGS portal based Selection of these software were based on of the aims and objectives of this project and the user friendliness of the software. Erdas imagine v10 was used in the classification of the imageries, while Idrisi Andes was used in predicting the future land-use change in the next 20 years based on scenarios and ArcGIS v10 was used in the modelling of the carbon content and the finalization of the map production.
Methods
The methods adopted in executing this study have been summarized in the flow chart ( Fig. 2 ) and has been elaborated below.
Image pre-processing
Following the Standard Operating Procedure (SOP 003) for the acquisition of remote sensing data and generation of activity data (Forestry Commission of Ghana 2014), image rectification was the initial step undertaken to enhance the spectral resolution of various images. This method involves Image Enhancement technique (Normalize Equalizer), which was applied to the images to aid in better interpretation of the imageries. It should be noted that the 1990 TM did have issues with cloud cover but was on the lower percentage (>10%) as this was a criterion selected before downloading it from USGS and did not bring much issues to deal with. Normalized Difference Vegetation Index (NDVI) was employed to classify the image into vegetated and non-vegetated (Forest and Non-forest) areas based on the values given in the ranges of -1 to 1, -1 representing non-vegetated areas and towards 1 representing high vegetated areas. This helps in the classification of the imageries of the various epochs It was realized from the source images that about 2-3 satellite images of each epoch (1990, 2000, 2010 and 2014) covers the study area. For this reason, subsetting was done to extract the area of interest (AOI) for each epoch.
Image classification and Accuracy Assessment
Training data collections Before entering the field to collect data, a desktop review was carried out. All the relevant data and information concerning the study area were studied and analysed. The study area was carved out from the 2014 satellite image using the Area of Interest (AOI) and the topographical data was obtained from the digital map such as road network, river network and town dataset covering the study area, which were superimposed on the subsetted satellite image (Fig. 1) . The resultant product was used to plan how the ground truth and verification data were to be collected. The study area was sub-divided into grids and numbered serially for easy sampling and identification of the sample areas. With this planned data and using the hand-held GPS coupled with digital camera, the locations of the proposed seven (7) various land-use categories and pictures of the corresponding locations were taken during the fieldwork to aid in the image classification process.
During the fieldwork, fifteen (15) to thirty (30) training classes per each land-cover/land-use type were collected depending on the variability in the locality within the study area. In all, a total of 220 training data were collected, 100 points were used as ground truth data for image classification and the remaining 120 data as verification data during the accuracy assessment.
Image Classification & Accuracy Assessment
For the 2014 epoch, the field data were imported in Microsoft Excel and then divided into two (2) sets: 100 classes were used as training data and 120 as validation data. The training data combined with the generated NDVI image were used to run supervised classification based on the maximum likelihood classifier in Erdas imagine v10 software. The individual clas- Table 1 shows the various land-use classes with its descriptions. Likewise, for the 2010 epoch, with the help of the training data coupled with the 2010 aerial photos obtained from RMSC under FPP project and fore-knowledge about the area, the 2010 imageries were classified based on maximum likelihood algorithm to obtain the seven (7) land-use classes within the study area. Here too the individual classified scenes were mosaicked to obtain the 2010 classified image. The validation data coupled with the aerial photos were used to verify the 2014 and 2010 classified images during the accuracy assessment process in Erdas imagine v10, based on the use of error matrix and kappa statistics (see Tab. 2 for the 2014 error matrix generated).
These classified images together with the two thematic maps obtained from RMSC were used to classify the 2000 and 1990 epochs. It should be noted that since there were no ground truth data, accuracy assessment could not be carried out on the 2000 and 1990 epochs. These resultant products were later opened in ArcMap v10 to draft and compose the various thematic maps (Fig. 3) .
Change Detection & Analysis
The land-use and land-use change analysis were performed to know the changes in terms of the spatial extent, trend and trajectory of the various land-use classes within the 20-year period . This was made possible by the use CrossTab module in Idrisi software. For the Idrisi software to accept these classified images -1990, 2000, 2010 from Erdas imagine (.img file), the classified images were converted to raster file (.rst file) which is a recognized file in Idrisi. Three (3) change periods were considered under this study : 1990-2000, 2000-2010 and 1990-2010 In order to determine the rate of deforestation within the 20 years period , the three (3) classified images were recoded into two (2): -Forested areas comprising of Dense Woodland, Open Woodland and Riverine Forest and -Non-forest areas comprising of Grassland, BuiltUp/Bare ground and Water. The rate of deforestation was also determined for the period 1990-2010 by using the cross-tabulation method from the 1990 and 2010 recoded thematic maps. The result is shown in a transition matrix (Tab. 7). This study adopted the direct tree inventory measurement to determine the biomass content within each sample plot. The following procedures were adopted to determine the carbon stock within the study area.
Plot size and shape for carbon resource assessment
Based on the 2014 land-use map, locations of sample plots were randomly selected and distributed proportionately according to the coverage and variability of the land-use classes within the study area in accordance to the Standard Operating Procedure (SOP 003) for the acquisition of remote sensing data and the generation of activity data (Forestry Commission of Ghana 2014). Based on the extracted coordinates of the sample plots and with the help of the handheld GPS, the individual sample plots were visited on field. A sample plot consisted of two (2) Tables 8  and 9 . For a fair representation of the various land-use in the development of the carbon map, 56 sample plots proportionately distributed among the land use types and across the project area were used. The savanna ecosystem is basically made of two layers of strata, namely the mature tall trees and juveniles trees of smaller diameter. So, in view of this, the 30 m × 30 m main plot size targeted all the standing trees and dead stems with the Diameter at Breast Height (dbh) 10 cm and above; and the other species with dbh ranges from 2 cm -9 cm were to be considered in the 15 m × 15 m sub-plots. Details of the below-mentioned data/parameters recorded during the fieldwork measurements as summarized below were converted to the plot-level estimates of aboveground biomass using models and scaled up to per hectare values. The tables show the above ground carbon pools considered (Tab. 10, 11 and 12). i. Tree ID: This involved the tallying system where one (1) was assigned to the first species identified at the beginning of the enumeration exercise and sequentially followed through to the end of the plot. Enumeration of trees started from the South West (SW) corner of the plot through the North West (NW) corner and then back down south and ends either in the North East (NE) or South East (SE) corner of the plot. The advantage of this approach is that it makes subsequent inventories easy, as one can always re-locate trees tallied in previous inventories even if the identification marks fall off with time. ii. Local Name: The local and trade names of the identified species were recorded and for the species that could not be identified in the field -its information such as branches, leaves, bark slices and a photograph were taken to the herbarium of the Resource Management Support Centre of the Forestry Commission for analysis and identification. iii. Tree diameter: All the trees with DBH ≥ 10 cm (1.3 m above ground level) were measured and recorded using diameter tapes, whereas trees with DBH < 10 were recorded using callipers. In order to avoid overestimation of the volume and to compensate for measurement errors, the diameter was measured in centimetres to one decimal precision. All juvenile trees with diameter between 5 cm and 10 cm were tallied and measured for both diameter and height for 15 m × 15 m sub-plots. All the tree height measurements were measured with laser ace hypsometer or Vertex, and in circumstances where the tree was inclined, the base length was recorded with tape measure. iv. Above ground Biomass and Carbon Stock Determination for Living Trees. The above ground biomass (AGB) for tally trees, juvenile trees and seedlings were calculated using allo- ( 1) where: γ -above ground biomass in kg/tree, ρ -wood density in kg/m 3 , dbh -diameter at breast height in cm.
Equation 1 was used to calculate the aboveground biomass (AGB) for each tree using Excel spread sheet. The AGB per tree was then summed up for all the trees in the plot to obtain a stand-level AGB estimate. Each stand-level has a different area (ha), as shown in Table 1. The total stand-level AGB in kilograms of all the sample plots were converted to tonnes and further expressed in ton/ha by dividing the AGB by its stand area according to the formulae: i. for matured trees (dbh ≥ 10cm for 30 m × 30 m plot) and AGB (ton/ha) = AGB / 0.09 (2a)
ii. for juveniles (2 cm ≤ dbh < 10 cm for 15 m × 15 m plot)
AGB (ton/ha) = AGB / 0.0225 (2b)
To obtain the above bround carbon (AGC), a standard carbon fraction value of 0.48 was applied to the AGB values for stand-level. This is expressed in equation 3 as:
Total AGC per plot was obtained by adding AGC (ton/ha) for tally trees, juvenile trees, seedlings and others.
i. Determination of Carbon Stock for Dead Standing
Trees Standing dead trees are classified into 4 different classes based on the trees' decomposition level. The different levels are: -tree with branches and twigs and resembles a live tree (except for leaves), -tree with no twig, but with persistent small and large branches, -tree with large branches only, -bole (trunk) only, no branches.
The model for calculating the carbon of standing dead tree, as developed by FORIG, is expressed as:
where: Z -above ground carbon in kg for dead standing tree, AGB -above ground biomass from equation 1, 0.48 -carbon fraction, DC -decomposition coefficient.
The DC is calculated as DC = D² ÷ [(2.95999 + + 1.08769 × D)]² according to the Näslund's equations were used to calculate the decomposition coefficients for level (iii) and (iv). The AGC per dead standing tree was then summed up for all the dead standing trees to obtain the total AGC estimate. The total AGC (kg) was converted to tons and further expressed as ton/ha by dividing the tons by its stand area (0.09 ha).
ii. Determination of Carbon Stock for Downed Deadwood Dead branches, stems, boles of trees and branches that have fallen and lie on or above the ground were considered for sub-plots of 15 m × 15 m on every plot. Only the dead wood stems and their fragments with at least 2 cm thick lying within the plot extent were measured and recorded. The parameters measured were the length (m) and diameters (cm) at the two ends of the wood. The following observations were considered: -Sound (blade does not sink or is bounced off) and has DL value of 1.0. -Medium (blade partly sinks into the piece of wood or there has been some wood loss) and has DL value of 0.71. -Rotten (blade sinks well into the piece, there is extensive wood loss and the piece is crumbly) and has DL value of 0.31. The volume of downed deadwood (particle) is calculated using the frusto-conical formula: Volume = π × LP X (r21 + r22 + r1 r2) / 3 Using wood density, decomposition level and carbon fraction, the volume is transformed into carbon as: Z (gr / particle) = DL × CF × WD × × π × LP × 100 × (r21+ r22 + r1 r2) / 3
where: Z -carbon per particle (downed deadwood) in grams, DL -decomposition level, CF -carbon fraction = 0.48, WD -wood density, LP -length of particle (m), r1 -radius at the base (cm), r2 -radius at the tip (cm).
Equation 5 was used to calculate the carbon for each particle and subsequently summed up for all particles for the plot. The total carbon (gr) was converted to tons per hectare values.
The total carbon for dead standing trees was added to the total carbon for dead down trees to give the total dead carbon for the plot.
Grand total carbon per plot (ton/ha) was obtained by summing up the total carbon (ton/ha) for AGC (tally trees, juvenile trees, seedlings and others) and deadwood carbon (dead standing trees and downed deadwood). Tables 10-13 details the carbon stock calculated from the equations elaborated above.
iii. Carbon Map Production
Using ordinary kriging technique as a geo-statistical tool in ArcGIS, the carbon stock maps was generated for the study area. This technique was used because it provided more accurate and visually appealing map output. The database with plot number, the coordinates of each plot and the carbon values of each plot were recorded in MS excel sheet. This was imported into Arc-GIS 10.0 and later applied a geo-statistics tool -kriging -to generate the carbon map for the study area.
results
Image Classification & Accuracy Assessment
From the classification and analysis of 2014 Landsat image (Fig. 3) , seven main land use categories were identified: Dense Woodland, Open Woodland, Riverine Forest, Grassland, Cropland, Settlement/Bare Surface and Water. The study revealed that the Woodlands in the study area are made up of complex mosaic of dense woodland, open woodland tree-grass mosaic and gallery forest. These categories form the main carbon pools in the area and are qualified as forest under the national definition of forest as well as the recommendations of the draft Measuring, Reporting and Verification (MRV), as reported by the Forestry Commission of Ghana (Indufor Oy 2015). The FPP report (2012) was used as the basis in defining and categorizing the Woodlands.
Accuracy assessment of Image Classification
The accuracy of the classification was assessed using error matrix and Kappa statistic (Tab. 2) recommended by Lillesand and Kiefer (2008) . This procedure is done to verify how accurate the classified images relate on the ground reference. In this project, a total of 120 ground verified points were used to perform the accuracy assessment of the 2014 classified map. The report is presented in an Error Matrix and Kappa statistics, which explains the agreement of land use classes to each other. Overall, an accuracy of 84.2% was obtained with a kappa statistic of 0.78. The other epochs 1990 and 2000 could not be checked as there were no verified data available to carry out this method. From the accuracy assessment table, it can be deduced that the image classification accuracy meets the standard thresholds of 75% or above (Lillesand and Kiefer 2008) as well as SOP 003 recommended 80%.
Change Detection and Analysis
The change analysis was performed on the 1990, 2000 and 2010 land use maps. This was done in conformity with the IPCC Good Practice Guidance (IPCC 2003) , which lays emphasis on the use of time consistent data sets to determine and establish the baseline information and building historical data.
The open and dense woodlands represent the bulk of the biomass and carbon pools in the project area. The dense woodland in 1990 had the largest spatial extent of 68,998.30 ha, representing 56% of the land area. However, this diminished to 46,041.10 ha representing 37% in 2000 and again reduced to 27,280.30 ha representing 22.32% in 2010. On an average, whereas the dense woodland was losing cover at 2,295.72ha per annum, at the rate of 0.18 within 1990-2000, it lost 18,760.80 ha within 2000-2010, constituting a rate of 0.015 per annum. For the 20-year period, the dense woodland lost 2,085.9 ha, representing a rate of 0.017 per annum. The open woodland in 1990 had a spatial coverage of 43,712.65 ha; however, these increased tremendously to 77,657.8 ha at the rate of 0.27 per annum. This means that the dense woodlands were being degraded to open woodland, signifying the increasing phenomenon of forest degradation (Fig. 8) . Riverine forest lost from 2,518 ha in 1990 to 1,880.37 ha in 2010 (a difference of 125.91 ha) at an annual rate of 0.02. However, considering the change over its size in 1990, the rate is 8.1 per annum, which is the highest rate of loss in the study area, signifying serious deforestation of the riverine forests. Dense woodland diminished at the rate of 0.5 over its area in 1990 and open woodland expanded at a rate of 0.357. The land use trend over the 20 years at a 10-year interval shows diminishing dense woodland and expansion in open woodland as well as grassland, a clear indication of loss of forest cover leading to deforestation. The area also witnessed a drastic loss in riverine forest and gradual expansion of settlements, which translated into expansion of croplands. Based on the national definition of forest, the deforestation rate for 20 years for the study area is 0.11, this is far lower than the average national deforestation rate of 2% estimated under the FPP project. This is elaborated in Table 3 . The land use conversion (Fig. 4) and land use conversion matrix (Tab. 4) show the transfer of land use and the transition of the land use categories from one to the other. The diagonal values highlighted in grey show areas that did not change over the period. The values shown above the diagonal values in grey are the areas that have gained from the land use transfers, while the values below the diagonal show areas that have lost from the transfers. Over the 10 years period, 54.7% of the total areas experienced land use conversion, while 45% of the areas persisting in other words did not change between 1990 and 2000. Dense woodland suffered the highest loss of 20%, followed by riverine, which recorded 11.33% loss within the 10 year interval. By implication, it means that the closed forest and riverine forest are being lost annually at 2% and 1.1% respectively. For the areas that gained, open forest recorded the highest gain of 18.58% followed by built-up of 18.39%, while cropland expanded by 6.4% and grassland lost by 1.2%. Generally, the fluxes in the land sector over the period were very high, making the area net emitter of GHG and good case for REDD+ intervention.
The land use conversion from 2000-2010 depicted in Figure 5 and Table 5 show an overall transfer of 53.87%, while 46.19% of the land remained unchanged as highlighted in the green colour. Over the period, riverine recorded the highest net loss of 29.37% followed by dense woodland with a net loss of 17.41%. Built up/ bare surface expanded by 52.97%, almost double of its size from 1990 to 2000. This shows serious migration as a result of search for new farm lands or charcoal production. Grassland and cropland increased marginally by 7.5% and 2.3% respectively.
The land use conversion map (Fig. 6 ) and conversion matrix (Tab. 6) show that the fluxes in the area was 65%, while 36.84% of the land area remained unchanged as highlighted in the green colour; the dense woodland recorded the highest net loss 78.33%, while open forest recorded the highest net gain of 27%. These were followed by riverine that recorded a net loss of 10.91%. This was followed by cropland and built-up/ bare surfaces. Grassland gained marginally by 3.3% and water remained constant.
Carbon Assessment
Carbon stocks were estimated for three pools; aboveground carbon (AGC), and deadwood carbon (DWC) and the details are shown in Table 10 , 11, 12 and 13; the total carbon stock within the study area is summarized in Table 14 . Figure 9 shows the map of the carbon within the study area with grassland land-use class having the lowest carbon per hectare of 7 t/ha measured and recorded to the highest carbon per hectare of 192.93 t/ha recorded for dense woodland. The study revealed that total carbon per township varies as different land-use categories show variation in the Above Ground Carbon (AGC) within the study area. For instance, the total AGC within Yezori township was recorded to be 108 t/ha being the lowest, followed by Wurubu township, which recorded as 115.468 t/ha and that of Gbarang township recorded as 133.69 t/ha. Lastly, the highest AGC of 192.93 t/ha was recorded at Kpulumbu township (see Tab. 14 and Fig. 9 for details on the measured AGC). (2007) for Ghana. This suggests that the woodlands in the study area is much more stable than the high forest zone. This is further elaborated by the high average stems per hectare ranging from 200-400 stems, which gives approximate stems of 24,000-28,000 for an average compartment of 128 ha. This stocking level is very high compared to the current stocking level of good forest in the Western Region, which is around 10,000 stems per compartment (FPP 2012) . This is indicative of the savannah woodlands having a high stocking level compared to the high forest zone but with smaller diameters. However, it is worth noting that the abundance of most hard woods in the High Forest Zone is threatened due to unsustainable exploitation over a long period according to the Indufor Oy Report 2015.
The depletion of the woodland is attributable to the harvesting of wood for commercial timber export, housing construction in expanding settlements, charcoal burning, agriculture and wildfires. The bulk of energy supply in Ghana is met from fuelwood that account for over 70% of the total primary energy supply (Indufor Oy Report 2015) . The bulk of fuelwood amounting to 90% is obtained directly from the natural forest. The transitional zone and the Damongo district in particular, have been identified as providing the bulk of dense wood resources for fuelwood and timber export (Indufor Oy Report 2015) . Consequently, the dense wood resources are depleting at a faster rate as a result of the unsustainable practices in the production and marketing of the products that incurs high levels of waste. If this trend of consumption continues, Ghana is likely to consume more than 25 million tonnes of fuel wood by the year 2020, which will lead to extinction/conversion of the woodlands to grassland. As a result of these activities, the dense woodland now exists in patches within the study area. According to the FPP (2012), the dense woodland holds an estimated 30-80% of carbon stock in the area and has diverse plant and animal species which contributes to more than 70% of the biodiversity resources of the study area.
Deforestation, as a result of indiscriminate burning and illegal timber harvesting in recent times, has contributed significantly to the destruction and fragmen-tation of the dense woodland, which has led to loss of habitat and breeding grounds, and isolation of the native and indigenous species. Wildfires remain one of the most important threats to the woodland (Mackay 2014; Srivastav and Srivastav 2015) .
This study revealed that dense woodland has a diverse structure and form, as in some areas, the dense woodland are made of large diameter trees ranging from 60 -120 cm with average tree stocking of 100-200 trees/ha and have a two-layer structure. The understory is a composition of grass and saplings, and occurs away from human settlements and farms. In some areas, the dense woodland is made of clustered trees of 30-80 cm with average stocking of 200-400 stems/ha, which are also far away from human settlements and farms; however, charcoal production and fuelwood harvesting is intensive in these areas. Fuelwood harvesting is done in such a way that farmers in very subtle manner use fire to kill trees by setting fire to the base of the trees, and by the next farming season, the trees die off and becomes firewood for harvesting. Also, the herdsmen set fires to promote the sprouting of fresh grass for grazing, thus contributing to conversion from dense woodland to open grassland. This has often generated serious land use conflict resulting in communal violence between the cattle herders who are mainly Fulani herdsmen and the indigenous crop farmers. This practice is the main driver of the conversion of the woodlands to grassland (FPP-PASCO-FC Report, 2013).
Open woodland
The open woodland is the transformation of the dense woodland as a result of charcoal production, farming activities, extensive and intensive timber harvesting, over grazing and annual bush fires. It forms a transition between the dense woodlands, agriculture and grassland, and therefore makes it a critical ecological transitional zone that extensively covers and forms more than 60% of the land surface of the study area. The open woodland of the area has diverse structure, as in some places the open woodland exhibits a structure described as tree grass mosaic, a mixture of grass and trees with the trees being the dominant cover (FPP-PASCO- FC Report 2013 ). This form occurred in the northern part of the study area around Grubago, Wawato and Kparia. These areas are often low population density with agricultural lands that have secondary growth as a result of long fallow periods. Additionally, the study revealed the open woodland expanded consistently over the study period at 0. 17 (1990-2010) . The rate of expansion was far below the rate of loss of the dense woodland, which was 0.018. This implies that some of the dense woodlands were being converted to other land use between 2000 and 2010 such as cropland, charcoal burning and grassland. The woodlands expanded by 0.11 ha for ten years at an annual rate of 0.011 ha and between 1990-2010, it expanded by 0.28 ha at an annual rate of 0.01 ha. It is projected that by 2020, the open woodland will expand at an annual rate of 0.01 ha. In the northern section, there is a heavy presence of Fulani herdsmen, which has caused over grazing and degradation of the open woodland (FPP-PASCO- FC Report 2013) .
The small diameter size trees make the area attractive to charcoal producers and firewood collectors. However, these areas have very high potential for restoration, although these are very vulnerable to fire as a result of the high percentage of grass cover. The other form is made of trees with diameters varying from 15 to 30 cm forming clusters and having stocking varying from 60 to 200 cm stems/ha (FPP-PASCO- FC Report 2013) . The under growth is grass and shrubs making it very susceptible to fires and over grazing. It is worth noting that the entire landscape has the potential of being transformed to grassland if not properly managed, considering the high proliferation of Fulani herdsmen and high demand of wood and wood products by farmers around Bawena and Anyantoo (FPP-PASCO-FC Report 2013) . Also, the expansion of agricultural lands due to poor farming practices such as shifting cultivation and fast urbanization as a result of the newly created districts by the Central Government, which triggers expansion in infrastructure development, poses a threat to the productivity of the land and maintenance of vegetation cover. From the analysis, it is observed that the open woodland expanded slowly, while the dense woodland decreased faster.
Riverine forest
Riverine vegetation and wetlands are recognized worldwide as ecologically endangered ecosystems (Tockner and Stanford 2002) . The study area is endowed with numerous streams and rivers and abundant surface water. The riverine forest contains rare and endangered species and prevents the water bodies from drying out, as well as acting as bio-filters purifying and enhancing the underground water, which is the main source of drinking water to the community. This study has revealed that the Riverine forest expanded slightly between 1990-2000 by 1,172.1 ha and loss between 2000-2010 epochs by 1810 ha. For the 20-year period, it recorded a decline of 367.7 ha between 1990-2010 epochs. The continuous loss of the riverine forest is a result of the loss in dense woodland, farming along water courses and bush burning, leading to siltation of the river systems. The riverine areas have trees with large diameters, well-formed boles and are always green throughout the year. Farmers are by law expected to leave a buffer of 50 m along water courses to protect the forest along the water bodies, however, this law is seriously violated and farming along the water courses is resulting in heavy siltation of the rivers, thereby reducing the capacity of the river and causing flooding during the rainy season (FPP-PASCO-FC Report 2013) .
Farming along the rivers in dry season has necessitated the diversion of water courses for the cultivation of vegetables in dry season and resulted in destruction, disturbance or disruption of the ecological processes within the forest ecosystems and enhancing oxygen-depletion. In addition, this area also serves as the corridor for wildlife, and according to research, the environmentally sensitive areas such as riparian forest, steep hilly, rocky outcrop and swamps are important for the longterm maintenance of biological diversity, soil, water or other natural resources. These are unique and fragile areas that offer refuge and sustenance to a diverse body of terrestrial wild animals, plants and sensitive aquatic organisms (Jordan 2013) .
Cropland
The study has confirmed that agriculture is the main stay of the people in the study area and crops grown are mainly annual such as yam, maize, cassava sesame and beans. The average farm size is about 2 ha and most farmers still rely on hoe, cutlass and fire for tilling the land. Traditionally, trees and cash crops such as cocoa, citrus and oil palm are not grown, although there are few patches of teak, mango and cashew plantations found in the area (FPP-PASCO-FC Report 2013) . The results show that cropland expanded by 70% of its size and 6% of the total landscape in the 20-year period. This invariably accounted for the dramatic increase in the open woodlands where the farms are located and corresponding decrease of the dense woodland that is being converted to farms. Farming activities are mainly on subsistence level with few commercial farms, and generally, farming is done haphazardly due to the lack of agricultural extension services and the absence of a Land-use Plan to guide farmers and other stakeholders for prudent utilization of the land and land resources. Agriculture is not based on soil-crop suitability matching but depends solely on decision of the farmer. The presumption by the farmers that productivity is positively correlated to the size of the land invariably results in rampant clearing of more virgin (new) lands because much of the newly cropped land is poorly managed and depletes very fast, thereby forcing the farmer to convert more woodlands to agricultural lands. Engaging agricultural extension officers to carry out education on basic agronomic practices will be very useful in this regard (FPP-PASCO-FC Report 2013).
Built-up
The study areas fall within the West and North Gonja district of the Northern Region, which is sparsely populated and has the lowest population density in Ghana. It is interesting to note that the towns are however expanding at an alarming rate, as shown in the land use change map. From the result in Table 4 , settlements that include road surfaces, gravel pits and human habitation expanded by original size in 1990 and 1% of the total land surface in the study area. This shows that human settlement is expanding very fast due to urbanization, but the expansion is not commensurate with the vast expanse of land, so the area still remains sparsely populated. The settlements are generally hamlets, small communities and towns that constitute 70% of the class and few urban settlements. Aside human settlements, the results of the study have revealed the existence of patches of bare surface due to sand winning activities for road construction (FPP-PASCO-FC Report 2013).
Water
Water include the, perennial rivers, streams and ponds. This class remains generally stable, but varies seasonally. The area is generally flat with iron pans and rocky outcrops in some areas. The underlying rocks are impervious to water; therefore, rain water tends to remain on the surface resulting in intermittent flooding. Pools of water are collected in the low-lying areas in the rainy season and dries up in the dry season. The main source of drinking water is boreholes, which were found in most villages (FPP-PASCO-FC Report 2013).
Drivers of Deforestation and Forest Degradations
Indufor Oy (2015) identifies the key drivers of deforestation in Ghana and these drivers were confirmed during the field visits and community interaction in the study area. Drivers identified during the study include: slash and burn farming practices, wood harvesting, bush burning and grazing. According to Brown et al (1998) , in order to ensure global food security and avert dangerous climate changes, the world faces the pressing dual challenge of protecting its remaining natural forests and enhancing food production in a sustainable and resilient manner (FPP-PASCO-FC Report 2013). These drivers are elaborated in the below-mentioned factors:
Annual Wildfires
The site visits and oral interviews of the people of the study area revealed that annual fires in the Mole landscape suppress all woody vegetation. However, low intensity fires that occur in the early part of the dry season had little effect on stem biomass and mortality, even when they occur frequently than high intensity fires lead to high top-kill rate. The base of trees is normally not killed, which is in contrast to fire as a result of farming that normally kills the base of the stem. The base of the tree that is not killed will sprout soon after the fire is over, that is, in the pre-season greening-up, which is a dominant phenomenon of savanna ecosystem (Ryan et al. 2011) . The regenerated stems have become very vulnerable to fires in the ensuing years resulting in the transformation of the woodland to shrub land, which reduces the carbon content of the landscape. Furley et al. (2009) stated that long term exclusion of fire leads to the formation of closed canopies and a succession towards forest.
The reduced tree cover of savannas allows enough light down to the ground to facilitate the growth of large quantities of grass, which provide food for the wildlife and also serve as fuel for the widespread fires that affect the woody biomass and the carbon. Burnt areas had very little carbon and juvenile trees, and showed succession from woodlands to shrub land. Manipulating fire intensity rather than frequency seems to be the most practical approach to limiting degradation by fire in the Mole landscape. Hence, the need for promotion of early burning regimes to avoid the damaging intensity when there is build-up of combustible material in the dry season (FPP-PASCO-FC Report 2013).
Extensive Farming
Farming in the northern part of Ghana and the study area in particular has been through slash and burn and sifting cultivation. These practices require using fire to prepare the land for cultivation. Fires are often left uncontrolled and get out of hand destroying the vegetation, thereby causing soil depletion as a result of erosion and deposition of ash, which eventually turn to Potash, thus causing the soil pH to rise. In addition, it burns the tracer elements into the atmospheres and kills wildlife and other microorganisms needed for plant growth. The study has revealed that the main crops grown are food crops and the yields are falling due to the fast depletion of soil fertility as a result of burning, which compels them to shift their farms to new areas of high fertility. This results in clearing vegetation and causing loss of carbon stocks as well as emission of carbon dioxide to the atmosphere (FPP-PASCO-FC Report 2013).
Farmers deliberately set wildfire to the base of the trees thereby killing them to increase yield in the immediate seasons as they perceive the trees to be casting shade and over competing with food crops for soil nutrients, consequently suppressing the growth of crops and reducing the yield. However, these yields are not sustainable because the soil becomes vulnerable to erosion and alkaline as a result of deposition of ash (FPP-PASCO-FC Report 2013).
Wood Harvesting
The study also revealed massive timber harvesting in the dense woodland and along the riverine forest. The activity has been so intensive and extensive that every spot within the study area visited; there was some form of timber activity. This is a very worrying situation for resource management in the area. Savannah woodland, by nature, grows very solely and the trees have large crowns and profuse branching. The structure and form of the trees suppress the growth of weeds and maintain the natural state of the woodland. When one or two trees are removed from the same area, it opens the canopy, which results in grass colonizing the area that adds up to fuel loads and thereby aggravate the fire intensity. The fires burn away the undercover, scorch the standing trees and reduce their lifespan (Werner and Prior 2013) . In most instances, the burnt trees do not survive to the next season. They die off and are captured as dead standing during the next accounting season. This aggravates the fire situation, reduces the carbon stocks as well as releases CO 2 to the atmosphere.
Grazing
Fulani herdsmen to induce fresh growth of grass for the cattle. The fires are left and uncontrolled and they burn beyond their intended regions. Resulting in the destruction of vegetation, food crops and sometimes human life. In the carbon analysis, it was revealed that the natural woodland that suffered from no burning had more tally trees (i.e., live standing trees), high numbers of juveniles (i.e., potential for natural regeneration), and few under growth of grass. Such plots yielded a high amount of above ground biomass and carbon. The previously burnt areas had higher number of dead standing and dead down trees, but very few standing trees and no juveniles. Such areas were transitioning from dense to open woodlands and to grass, and therefore, had little biomass and carbon (FPP-PASCO-FC Report 2013). Freshly burnt areas had huge deposition of ash and no dead down tress, which meant that they had been consumed by fires, scorched standing trees that may not survive the next cycle. Such areas also registered lesser biomass and carbon.
conclusIons
-The deforestation rate between 1990 and 2010 was 0.11%. This was calculated to be 676 ha per annum. The riverine and the dense woodland diminished faster, contributing to the expansions of open woodlands, cropland grassland and settlement. -The study area has immense potential of carbon sequestration, as the average value was 80 t/ha. The dense woodland recorded the highest carbon storage of 194 t/ha and the lowest from the grasslands of 7 t/ha. However, the annual bushfires and unsustainable agricultural practices have serious consequences of the carbon sequestration potential of the area. -Burnt areas affected the various carbon pools in diverse ways, for example, freshly burnt areas had no juvenile trees, dead down branches nor dead standing. However, previously burnt areas showed dead down branches or dead standing and few juvenile trees. -The study has revealed that the main drivers of deforestation in the area are the annual bush fires, unsustainable agricultural activities, grazing, charcoal production and, in recent times, unsustainable harvesting of wood for timber and fuelwood. -The woodlands have diverse structure and form, and hold substantial amount of carbon. However, the woodlands are fragile and vulnerable to human intervention and annual bush fires. The transformation of the woodland is facilitated by fires, farming and logging. It goes through dense to open to shrub and to grassland. The open woodland and the shrub phase are the most fragile because of the high percentage grass cover that serves as fuel for the annual bush fires. Bush burning affect the diversity, structure, form and the carbon sequestration potential of the woodlands and releases carbon dioxide into the atmosphere. Burning affect soil fertility and productivity, and consequently, crop yields increase at the expense of the woodlands that are being converted to croplands. -Agriculture is still rudimentary and remains one of the drivers of land conversion.
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